The detailed analysis of the structural variations of three GeO 2 and SiO 2 polymorphs 7 (α-quartz, α-cristobalite, and rutile) under compression and expansion pressure is re-8 ported. First-principles total-energy calculations reveal that the rutile structure is the 9 most stable phase among the phases of GeO 2 , while SiO 2 preferentially forms quartz.
1. Introduction oxide semiconductor (CMOS) device structures owing to its high intrinsic carrier mobil-23 ity as it is becoming increasingly difficult to enhance the performance of CMOS devices 24 through scaling based on conventional Si-based techniques. The key issue to be resolved in 25 advanced Ge-based devices is the formation of gate stacks with superior interface proper-26 ties. Research activity related to GeO 2 is steadily increasing, and it has been reported that 27 Ge is well passivated by GeO 2 by conventional dry oxidation without any hydrogen pas-28 sivation treatment. The grid spacing was set at 0.25 bohr, and a denser grid spacing of 0.083 bohr in the 82 vicinity of nuclei with the augmentation of double-grid points 27 for each GeO 2 polymorph.
83
We took 4 × 4 × 4, 4 × 4 × 3, and 4 × 4 × 6 k -point grids in the Brillouin zone for q-, c-,
84
and r-GeO 2 , respectively. The optimal lattice parameters and internal atomic coordinates
85
were determined by minimization of the total energy using calculated forces, with a force 
